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A

bstract: Deltaic aquatic plants are essential components of healthy aquatic systems. They yield
favorable conditions (food source and habitats) for growth and development of aquatic fauna (fish,
water birds and other wildlife species). The characteristics of aquatic vegetation are also an
important part of the deltaic landscape, providing a wide spectrum of ecological functions and ecosystem
services (biomass, improvement of water quality, soil and nutrients, oxygen). The present study aims to
contribute to the general assessment of four freshwater shallow lakes with the latest information on spatial
distribution of emerging aquatic plant communities. In order to identify the main associations and
communities of emergent aquatic vegetation, several topo-geodesic measurements and mapping of the
outline of lakes were performed during August 2021, in low water conditions of the Danube River. Thereby,
based on in situ measurements and using LANDSAT 8 satellite imagery, the extent of emergent aquatic
vegetation of four lakes (i.e., Gorgova, Gorgovăț, Potcoava and Rotund) were mapped. Thus, in August,
when the vegetation reaches its maximum coverage and extent, our results show that the investigated
lakes were characterized by varying degrees of vegetation development and several types of vegetation
associations were identified. These are represented by species as Nymphaea alba, Nuphar lutea, Stratiotes
aloides, Phragmites australis and Trapa natans, that occur in different proportions within each investigated
lake. Based on the maps of spatial distribution, it was observed that the lakes with the highest extent and
most types of aquatic plants were represented by Potcoava and Rotund lakes. Instead Gorgova and
Gorgovăț lakes were moderately inhabited with floating or emergent aquatic plants. The obtained results
are useful for planning and implementing future suitable environmental strategies for the conservation of the
Danube Delta Biosphere Reserve ecoregions, that supports many unique assemblages of flora and fauna.
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INTRODUCTION
Emergent (floating-leaved) or submerged aquatic vegetation (plants with specific roots and shoots) briefly
systematized as macrophytes (macroalgae and vascular plants) represents the basic components of
freshwater ecosystems (Carpenter & Lodge, 1986). Aquatic vegetation provides numerous ecosystem
services (Dudgeon et al., 2006), acting as indicators for water and sediment quality (Ghavzan et al., 2006),
nutrient filtering (Kufel & Ozimek, 1994), support aquatic biodiversity (Xu et al, 2020), sediment stabilization
(Benoy & Kalff, 1999) and have the phytoremediation capacity (Sood et al, 2012). As well, their presence
decreases water flow velocity (Wang et al., 2015) and increases sedimentation, and consequently reduces
turbidity (Ginn, 2011). On the other side, an overabundance of aquatic plants and algal growth biomass
contributes to the gradual silting and shallowing of lakes, lowers water transparency, reduces dissolved
oxygen in water, alters habitats, impairs water and sediment chemistry, energy flow and nutrient cycling
(Malthus et al., 1990; Ławniczak, 2010). Nowadays, aquatic systems confront multiple ecological and
environmental issues i.e., habitat loss, ecosystem fragmentation, decline of biodiversity and ecological
functions (Oliver et al., 2015), due to anthropogenic pressures and natural influences (Xi and al., 2021),
that have triggered the impairment of many shallow lakes. In this context, aquatic vegetation represents
an essential component of a well-balanced aquatic ecosystem and the sustainability of the ecological
balance (vegetation loss versus overgrown vegetation) (Zhang et al., 2017). Because of their natural
resource values and importance for conservation of wetland ecosystems, aquatic macrophytes were
integrated into a monitoring framework as EU Water Framework Directive (EU-WFD, 2000/60/EC) as
indicators of the ecological status of water bodies.
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The Danube Delta is the second-largest and the best-preserved river delta in Europe. The Danube Delta
Biosphere Reserve areas have been designated a natural UNESCO World Heritage Sites, Biosphere
Reserve and Wetland of International Importance (Ramsar Convention, 1987), due to the biodiversity
features and multitude of rare plant and animal species, large diversity of colonial aquatic bird species and
fish that it hosts in its lands (Coops et al., 1999; Oosterberg et al., 2000). Largely, the deltaic lakes are
mainly profiled by vegetation such as reeds (Phragmites australis), bulrushes (Typha spp.) and floating
reed islets - ‘Plaur’ (in Romanian) (Rudescu, 1965). In addition, the lacustrine vegetation (including
vegetation growing in channels and canals) is represented by submerged aquatic plants as white-water
lily-Nymphaea alba, yellow-water lily-Nuphar lutea, water chestnut-Trapa natans, common arrowheadSagittaria latifolia etc. A distinguishable group is represented by rootless, free floating aquatic plants
(IUCN-EEP, 1992). The distribution of aquatic vegetation diversity within the Danube Delta is developed
along the gradients of hydrology, water chemistry and soil type (Oosterberg et al. 2000). Deltaic lakes are
characterized by a morpho hydrographic peculiarity that differentiates them from lakes adjacent to river
floodplains, in the sense that their limit is not a morphological one, but is given by reed and rush vegetation
or plauri (Gâștescu, 2021). The measures of protection that have been taken recently at regional and local
level to slow down the impact of anthropogenic and natural factors on the Danube Delta environment must
be strengthened and they must take into account all the main components of an aquatic ecosystem (water,
sediment, biota, air and vegetation). Spatial and temporal environmental changes induce perturbations to
wetland plant habitats and their adaptations, particularly in these areas characterized by transitional
environment (freshwater and brackish water), including water regime (Covaliov & Coops, 2003), water
quality, sediment composition, salinity, sewages, waterways, industries and agriculture. Previous scientific
researches turned their attention to several ecological studies on the aquatic vegetation within Danube
Delta ecosystems. They covered several areas of interest such as the evaluation of the biodiversity and
environmental change (Vădineanu et al., 1998; Gâștescu, 2021), the investigation of the flora and aquatic
vegetation (Sârbu, 2003), the assessment of plankton communities’ characteristics and an evaluation of
the relationship between them and the environmental attributes of the shallow lakes (Moldoveanu et al.,
2015), the spatio-temporal distribution of cyanobacterial assemblages in distinct deltaic lakes (Moza et al.,
2021) etc. Moreover, modern investigative techniques have made a number of significant contributions to
the investigation and distribution of the aquatic vegetation of the deltaic edifice (Coops et al., 1999;
Hanganu et al., 2002; Niculescu et al, 2020) etc.
The present study aims to contribute to the general assessment of four freshwater shallow lakes with the
latest information on spatial distribution of emerging aquatic plant communities. The obtained results are
useful for planning and implementing future suitable environmental strategies for the conservation of the
Danube Delta Biosphere Reserve ecoregions that supports many unique assemblages of flora and fauna.
MATERIALS AND METHODS
Study area
Gorgova-Uzlina interdistributary depression is located in the Danube Delta fluvial plain, between the Rusca
ridge (alluvial-fluvial origin), the Sulina Branch, the Sf. Gheorghe Branch and the Caraorman ridge (fluviomarine origin). It is drained by the Litcov canal and to a lesser extent by the channels that connect the
lakes and the river branches. The approximate surface of the lakes within this lake depression is about
5700 ha (Gâștescu, 1971). The average altitude of this hydrographic unit is 0.16 meters. For this study,
four lakes located in the northern part of the Gorgova-Uzlina interdistributary depression were chosen, i.e.,
Gorgova, Gorgovăț, Potcoava and Rotund (Fig.1). Gorgova L. has a large surface area of 13.1 km2 (1310
ha) and a circular perimeter of 18.8 km, with a maximum depth of 2-3 m. The hydrographic network
consisting of Litcov Canal and other several small inflows. Water level is one of the most important factors
of the distribution and composition of submerged aquatic vegetation in shallow lakes. This lake is
particularly sensitive to river fluctuations, thereby its depth decreases considerably in the low water season.
However, due to its higher depth, this lake is rarely clogged with underwater vegetation. Water boundaries
of this lake are determined by the reed vegetation which is fixed to the bottom, or by plauri (floating
formations), excepting the clusters of willow bordering the entrances to the lake (Gâștescu, 1971).
Gorgovăț L. has a small surface area of 104 ha and a maximum depth of 2-2.5 m. The lake depth depends
on the seasonal variation of the river flow (relatively high depth during the wet season versus low depth
during the dry season). The lake water level is not highly influenced by the changes in precipitation and
evaporation. Potcoava L. has an intermediate surface area of 159 ha and a maximum depth of 1-1.5 m.
The level, depth, and volume of water lake are controlled by seasonal variation of the river flow.
Fluctuations in precipitation and evaporation do not tend to significantly impact the lake water level. Rotund
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L. has a small surface area of 95.5 ha and a maximum depth of 1.5 m. Water level in these four lakes is
under the influence of the water level variations of the Danube River.

Fig. 1. Location of the investigated lakes: Gorgova, Gorgovăț, Potcoava and Rotund
within Rusca-Gorgova-Uzlina hydrographic unit - Danube Delta
Field data collection
Mapping of floating and emergent aquatic vegetation was based on moving slowly along the shorelines of
lakes onboard the research catamaran (belongs to the National Institute for Marine Geology and Geoecology – GeoEcoMar) and recording the locations of the aquatic plant bands. Other significant additional
reference points were recorded, as well, s for mapping of small channels etc.
During topographic in situ measurements, outline/plotting of the lakeshores and distributions of floating
and emergent aquatic vegetation were mapped in Gorgova, Gorgovăț, Potcoava and Rotund lakes by a
TRIMBLE R4 dGPS with geodetic class receivers, and TRIMBLE M3 DR5 total station.
Data processing and interpretation of results applying GIS
The synthesis procedure in this topo-geodetic work utilizes the kinematic method. The coordinates were
achieved in real-time mode by Real Time Kinematic (RTK) technology, that offers precision positioning
services data of the topographic points. The topo-geodetic measurements focused on the collection of the
topographical points that highlighted the contour of the emerging and floating aquatic vegetation limits,
including reed bed formations. Conversion of coordinates (X, Y) and elevation (Z) to local stereographic
coordinates was related to Stereographic 1970 Projection System (National Official System in Romania),
and the reference altimetric system used was the Black Sea-Constanta 1975 (The Official Altimetric
System in Romania). Processing of field measurements, editing and graphical representation of the data
was done by using specialized software: AutoCAD, Global Mapper 17.2 and ArcGIS 10. The results were
transposed on thematic maps, of which topographic support was based on the NACLR (National
Administration for Cadaster and Land Registration) orthophoto plan, 2005 edition, scale 1:5000. The
acquired results were integrated with information given by the” LANDSAT 8 Satellite Image” through - the
Operational Land Imager (OLI) and the Thermal Infrared Sensor (TIRS) for the year 2021
(https://earthexplorer.usgs.gov/).

RESULTS AND DISCUSSIONS
The assessment of the aquatic vegetation spatial distribution was performed during August 2021, when
the aquatic plants reached their maximum densities and heights, but before they began to decline in early
autumn. The density of aquatic plant bands was visually estimated in situ, in percentage terms of the extent
of vegetation cover as: open water (0%), rare (0-25%), moderate (25-50%), dense (25-50%), very dense
(75-100%), complete (100%). The general distribution of aquatic plant beds has resorted to identification
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and separately mapping as floating emergent or submerged growth forms. Certain species of aquatic
plants were identified in the investigated lakes, as Nymphaea alba (white waterlily), Nuphar lutea (yellow
waterlily), Stratiotes aloides (water soldier), Trapa natans (water chestnut) and Phragmites australis
(common reed) (Fig. 2). Floating aquatic plants (i.e., Nymphaea alba, Nuphar lutea, Stratiotes aloides and
Trapa natans) generally occur from the shoreline inward to depths of between 1 and 3 m. They may or
may not have roots in the lake sediment substrate. Emergent aquatic plants (i.e., Phragmites australis) are
normally rooted and stand above the surface of the water. Emergent plants occurred along the shorelines
of the lakes in shallow water (around 1 m depth). Phragmites australis is generally identified in dense
growing thickets (i.e., plauri = a mixture of reed roots, underwater grasses and mud) (Rudescu 1965) in or
near shallow water, usually floating or anchored to the lake bed sediment. Further on, the assessment and
spatial distribution of the emergent aquatic vegetation will be synthetically presented, within four
investigated lakes.
Gorgova L. The map of the aquatic plant's associations drawn up for Gorgova L. (Fig. 3 a) revealed the
presence of four species of emerging aquatic vegetation, as: Nymphaea alba, Nuphar lutea, Stratiotes
aloides and Phragmites australis which appeared in the form of dense thickets growing (i.e., plauri)
anchored in the lake or near shorelines of the lake. Analyzing the map of the spatial arrangement of the
aquatic plant's associations, it was noticed that the dominant species are represented by the Nuphar lutea
and Nymphaea alba. The largest area which is covered by this type of aquatic plant's association (Fig. 3
a), is located in the west-south-west and southern part of the lake. In the western part of the lake there are
two narrow aquatic plant bands continuously disposed, one after another, on the surface of the lake: one
is composed of Nuphar lutea and the other one consisted of Stratiotes aloides. The surface of the lake is
colonized with a number of 8 plauri of different dimensions. The largest of them has an area of about 1 ha.
The entire series of these aquatic plant's formations exclusively composed of Phragmites australis is
founded out near the shorelines, in the south, southeast and the eastern part of the lake (Fig. 3 a). The
western extremity of the lake is occupied by submerged vegetation i.e., Ceratophillum sp. Making an
overall assessment (at the time of the measurements) it can be appreciated that from the total surface of
Gorgova L. which is 1310 ha, approximately 33 ha were covered with emerged aquatic vegetation, thereby
the open water area of the lake was represented by 1277 ha. The largest area which is covered by aquatic
plant's associations i.e., Nuphar lutea and Nymphaea alba sums up a total of 27.2 ha, subsequently
followed by Phragmites australis with 2.6 ha, submerged vegetation with 1.6 ha, Stratiotes aloides with 0.7
ha, and Nuphar lutea with 0.5 ha. It is important to mention that the shorelines of the lake are consisted of
continuous aquatic plant's formations of reeds (Phragmites australis) and rushes (Typha sp.), which have
not been mapped, in order to correctly determine the open water area of the lake.
Gorgovăț L. Analysis of the spatial distribution map of the aquatic plant's associations created for
Gorgovăț L. (Fig. 3 b) showed the occurrence of four species of emerging aquatic vegetation: Nymphaea
alba, Nuphar lutea, Trapa natans and Phragmites australis. Emerging aquatic vegetation is accumulated
in the southern, southwestern, western and northern part of the lake. The predominant species is
represented by Trapa natans, which covers large continuous areas in the south, southwest and west of
the lake, occupying a total area of 24.7 ha (Fig. 3 b). Spotted parts of the Gorgovăț L. are dominated by
dense formations of Phragmites australis, which appear in the form of 7 disparate plauri of different
dimensions. These are located in the southern, southwestern, western and in the northern part of the lake,
covering a total area of 5.3 ha. The vegetal association consisted of Nymphaea alba and Nuphar lutea
occurred in the northern part of the lake and occupied an area of 0.9 ha. This association was identified
as a long and narrow aquatic plant band that follows the shore of the lake. Sporadic floating vegetation
mat of the Nymphaea alba appeared in the north-eastern part and in the northern extremity of the lake
(Fig. 3 b), occupying an area of about 0.5 ha. A relatively dense emerged carpet of the Nuphar lutea
accompanied by Trapa natans was found only in the southern part of the lake. This carpet occupied an
area of about 0.6 ha, and was attached to the shoreline of the lake composed of the reed formations
(Phragmites australis). Spatial distribution and visual analysis of the aquatic plant's associations
acknowledge that from the total surface of Gorgovăț L. which is 104 ha, approximately 32 ha were covered
with emerged aquatic vegetation, thereby the open water area of the lake was represented by 72 ha. As
well, visual analysis of the spatial distribution map (Fig. 3 b) revealed that the eastern, the north-eastern
part and a sector of the northern part of the lake do not show accumulations of emerging aquatic
vegetation. The shorelines of the lake are consisted of continuous aquatic plant's formations of reeds
(Phragmites australis) and rushes (Typha sp.).

8|Page

Scientific Annals of the Danube Delta Institute, vol. 27, 2022
© Danube Delta National Institute for Research and Development, Tulcea Romania

Fig. 2. Areas with different types of vegetation encountered in the investigated lakes
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Fig. 3. Spatial distribution map of aquatic plant's associations in Gorgova L. (a) and Gorgovăț L. (b)
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Fig. 4. Spatial distribution map of aquatic plant's associations in Potcoava L. (a) and Rotund L. (b)
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Potcoava L. The local mapping of vegetation areas within Potcoava L. (Fig. 4 a) showed the presence
of three species of emerging aquatic vegetation, as: Nuphar lutea, Phragmites australis and Stratiotes
aloides. Analyzing locational distribution and spatial patterns of aquatic plant's associations it was
noticed that the dominant plant association was represented by Nuphar lutea and Phragmites australis.
Large carpets of Nuphar lutea cover significant areas of the lake, occupying almost the entire western
half of the lake, including the central, northern and southeastern part. The spatial distribution map (Fig.
4 a) revealed that a large area is occupied by a mosaic composed of Nuphar lutea intercalated with a
multitude of the reed islands (Phragmites australis). The surface occupied by the Nuphar lutea is around
70.5 ha, and the surface covered by Phragmites australis occupied an area of about 15 ha. Therefore,
the above-mentioned species inhabited more than 50% of the entire surface of Potcoava L. In the
southern part of the lake, an aquatic plant band composed of the association between Nymphaea alba
and Stratiotes aloides extended over a small area of 1.5 ha. As well, Stratiotes aloides species occurred
alone in the form of a very narrow aquatic plant band of 0.1 ha, located at the southern extremity of the
lake. From the total surface of Potcoava L. which is 159 ha, approximately 86,8 ha were covered with
emerging aquatic vegetation, thereby the open water area of the lake was represented by 72.2 ha.
Rotund L. The map of the aquatic plant's associations elaborated for Rotund L. (Fig. 4 b) displayed the
existence of five species of aquatic vegetation that have emerged, as: Nymphaea alba, Nuphar lutea,
Trapa natans, Phragmites australis and Stratiotes aloides. Analyzing distribution and spatial patterns of
aquatic plant's associations within Rotund L., it was remarked that the dominant species are represented
by Trapa natans accompanied by Nymphaea alba. Moreover, the areal distribution map (Fig. 4 b)
exposed the following aquatic plant's associations: •Nuphar lutea and Nymphaea alba; •Nuphar lutea,
Nymphaea alba and Stratiotes aloides; •Nuphar lutea and Stratiotes aloides; •Nymphaea alba and
Stratiotes aloides; •Nymphaea alba, Stratiotes aloides and Trapa natans; •Trapa natans and Stratiotes
aloides; •Trapa natans and Ceratophillum sp. (submerged vegetation). In addition to these abovementioned aquatic plant's associations were identified independent aquatic plant bands composed of
Nuphar lutea, Stratiotes aloides, Trapa natans and Phragmites australis. The dominant species is
represented by Trapa natans that occupied large areas located in the south and the southwestern part
of the lake (Fig. 4 b), forming a compact area with the surface of 11.5 ha. Stratiotes aloides, as an
independent species, occupied an area of only 0.2 ha, being located in the southeastern part of the lake.
Nuphar lutea, without being associated with any other species of aquatic plants, occupied an extremely
small area, specifically about 330 m2. Phragmites australis appeared in the form of four isolated islands,
distributed to various locations as one formation in the south, one in the west, and other two vegetal
structures positioned in the northern part of the lake. All of these cover an area of 1.5 ha. In terms of
magnitude, the aquatic plant's associations that occupy the largest area is composed of Trapa natans
and Ceratophillum sp. (submerged vegetation), with a total area of 6.3 ha, identified in the northern part
of the lake (with Trapa natans). In order of size, subsequently followed the aquatic plant's associations
composed of Nymphaea alba, Stratiotes aloides and Trapa natans with a total area of 5.4 ha (Fig. 4 b).
This aquatic plant's associations appeared in the form of a consistent vegetal carpet that extended on
the entire western extremity of the lake. At the southern part was attached by the areal aquatic plant's
associations composed of Trapa natans, and, respectively Trapa natans and Ceratophillum sp.
(submerged vegetation). An important area of about 3.1 ha is covered by the association of Nymphaea
alba and Stratiotes aloides species, located in the northwestern part of the lake. Other aquatic plant's
associations that inhabit small surface areas of the lake are represented by: Nuphar lutea, Nymphaea
alba and Stratiotes aloides with a total area of 0.4 ha, identified in the northwestern part of the lake,
between two aquatic plant bands composed of Nuphar lutea and Nymphaea alba, as well as Stratiotes
aloides. The aquatic plant's associations delineated by Nuphar lutea and Nymphaea alba covered an
area of about 0.3 ha and extended in the northern extremity of the lake. Additional aquatic plant's
associations illustrated by a very narrow aquatic plant band comprised of Trapa natans and Stratiotes
aloides, stretched over an area of about 0.2 ha, and occurred in the southeastern part of the lake.
Likewise, it was noticed that the aquatic plant's associations represented by Nuphar lutea and Stratiotes
aloides, inhabited the smallest area of about 370 m2, being identified in the northern part of the lake.
Analyzing locational distribution and spatial patterns of aquatic plant's associations it can be estimated
that the aquatic plant's associations involved an area of 15.8 ha, and the independent aquatic plant
species filled an area of 15.8 ha, and consequently resulting a total surface area of about 28.9 ha aquatic
vegetation which inhabited the water surface of the lake. From the total surface of Rotund L., which is
95.5 ha, approximately 28.9 ha were covered with emerged aquatic vegetation, thereby the open water
area of the lake was represented by 66,6 ha. Generally, the shorelines of the lakes consisted of either
Phragmites australis, or Typha sp., or by the combination of the two mentioned species, excepting a
narrow sector from the southern extremity of the lake which is represented by Salix sp.
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CONCLUSIONS
The results obtained within this study in response to the objectives as plotting of the lakeshores,
distributions of floating and emergent aquatic vegetation and estimation of the open water area
demonstrate a significant development of aquatic vegetation. The changes in aquatic vegetation are
mainly related to controlling factors as the hydrological regime, the shape and size of the lake, the water
& sediment quality etc. The investigated lakes are characterized by low hydrodynamic conditions, with
different flow velocities of the bottom currents, low water exchange and relatively protected from the
action of strong winds. Overall, these lakes are more susceptible to clogging due to their higher amount
of organic material accumulated at the bottom of the lake, rather than siltation caused by clastic
materials brought by the river alluvial input.
This study indicates that the surfaces of the investigated lakes are inhabited with plenty of aquatic plant's
associations that extends over large areas. As well, some sectors of the lakes showed a weak expansion
of emergent vegetation.
The main types of aquatic plant's associations that were found in the studied lakes are represented by:
Trapa natans, Nymphaea alba, Nuphar lutea Stratiotes aloides, Phragmites australis, including floating
plauri islets and Typha sp.
The obtained results are useful for planning and implementing future suitable environmental strategies for
the conservation of the Danube Delta Biosphere Reserve ecoregions that supports many unique
assemblages of flora and fauna.
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